%40% %14 Aok X F F R (B KR HAF RKR) Vol.40,No. 1
2019 % 1 A Journal of Northeastern University ( Natural Science) Jan. 2019

doi: 10. 12068/j. issn. 1005 —3026.2019. 01. 020

73 1) 2 7K = S HUE B B A b SRR A A R A

R TREY BAE, £ B
(1. ZRdbR2: WRS AR TR2:B, 107 LM 1108195 2. ALK WL BN 11E ST RE B MELLEE, L7 WHE  110819;
3. HARKEE MBRIRIMELE SHE AR 2R, TR KEF 130026, 4. EREGER 6 WEEEDT, Bl i 310012)

i B O TR E BRI BRI T v 2 R B8 X B A i Sk Sl o RS N BE ), AR SCHE Ty
T KPS R0 B A b R T T R, B i 1 T R A B R B D7 1) S K S B i a7 1) S K K
PR () 20 25,y A 2 D7 1) A8 1) K- S RO HC e T 05 6 o R0 SR 2. 0 o B AR 5 I
PR, LW T B AT i A BRI BRI BE DT 5 S RO IR AR L G IR BTk A S S AR B
M R SCER T 4 DAY S IR 5 LA S 687 i v S A AR R S A R S T Tk AT

.
X iR, EJIBBEEE; 7 10 SR AR I ) S S SR SO
FE 5 ES: TD 15 XEkFRERD: A XEHES: 1005 -3026(2019)01 —-0104 -05

Improvements of the Directional Total Horizontal Derivatives
and Their Application in Edge Detection

HOU Zhen-long"*, WANG En-de"*, TANG Shui-liang® , YUAN Yuan®

(1. School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China; 2. Key
Laboratory of Ministry of Education on Safe Mining of Deep Metal Mines, Northeastern University, Shenyang
110819, China; 3. College of Geo-exploration Science and Technology, Jilin University, Changchun 130026,
China; 4. Second Institute of Oceanography, State Oceanic Administration, Hangzhou 310012, China.
Corresponding author; HOU Zhen-long, E-mail : houzhenlong@ mail. neu. edu. cn)

Abstract; An improvement was made on the basis of directional total horizontal derivative to
increase the edge detection resolution in the gravity exploration and enhance the ability of dividing
and detecting geological body boundary. Six new kinds of edge detectors were presented,
including the vertical derivative of directional total horizontal derivative and enhanced directional
total horizontal derivative, directional total horizontal derivative and its vertical derivative
integrated in x, y and z direction, which are based on gravity gradiometry data. Through the
theoretical model and noise test, it is proved that the improved methods have the good ability for
boundary division. Compared with the ordinary ones, the detected edges agree well with that from
the model. The real data from Vinton Dome are introduced into the proposed methods and the
edges of underground cap rock are recognized more clearly, and the feasibility of the proposed
methods is verified.
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Fig. 1
boundaries of prisms)

In the case without noise, the edge detection results of different methods ( the rectangular are the

(a)—EDT; (b)—DEDT; (c¢)—EEDT; (d)—DEEDT; (e)—IEDT; (f)—DIEDT; (g)—IEEDT; (h)—DIEEDT.
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Fig. 2 In the case with noise, the edge detection results of different methods( the rectangular are the

boundaries of prisms)

(a)—EDT; (b)—DEDT; (c)—EEDT; (d)—DEEDT; (e)—IEDT; (f)—DIEDT; (g)—IEEDT; (h)—DIEEDT.

3 SCPER S RS IR g

W 3R 7R 0 T 5 [ SO R Fr XA Sz
Wi7zs FTG $dis. SCUER Frf i 5 SO o7 i
g R, UL B RS RE B E R AT
FUOTO L B RN X S R 5 4 A b AT
TREME Y RN S SR REEAR
0.55 g/cm’.

AR T WGS84 AL FR &, 4 x Bl IE Jr 19
IRy BHIE 7 ) b, B x, y T e L 4 R
440. 50 ~444. 50 km,3 332. 78 ~3 336. 78 km HYJ[X.
BTG s O AT I A B A T 3 B 85 m; BK
e L BE RN 2.2 ¢/cm® BHIEBUE, 7L 7
PO AT I von 07 008 e 8 2R 47 M 7 s ). AR Al

441 442 443 444

IEDT/E

(e) 60

3336 50

g 3335 40
= 30
3334 '20
3333 10

441 442 443 444

441 442 443 444
x/km x/km

3 LRI SR
Fig. 3 Results of real data test
(a)—EDT; (b)—DEDT; (¢)—EEDT; (d)—DEEDT; (e)—IEDT; (f)—DIEDT; (g)—IEEDT; (h)—DIEEDT.

DEDT x 10°/(E * m™)

X(9) ~A(14) I FTG B Py v,V V,
AV TR AR R A R LR 3. 455 H
Ml B F o 1 AR £ (8 B v X ek s 2
TR B B R DX 3 ) 0 5 B A s b, (L2 i £
AT S5 (I DX 3 2 00 BB 1) M e 2, 0 B A 5
B AR 2 e B 55 2 504N R BUAS e AR A 23K
IR 1R R T R ) B BN Ak B PR i B R
AT R I, B B v 25 5 A A AR
RITIE B, %t HeIE 3a F11K 3e, K] 3¢ FIK]
3g, A z J5 I B ds Jm kot Jr i AE IRl se 1) A
—E B TR R X R N, R RE S
SOlE Y22 (E 3N, 358 T X A R RICR. 2%
b, IAh IEEDT 7E3CHRER Fr A 5 1055 v g g o
HERR BN 35 A B N 3g T R B EE A
ORI A1, - E B T TSR X e, #R4E Hou

EEDT x 10%(E * m™) DEEDT x 10%(E * m®)

441 442 443 444

441442 443 444

IEEDT x 10°E * m™)

DIEEDT x 10°%E * m™)

441 442 443 444 441 442 443 444
x/km x/km



108 ARRXFFR(BAFFIR)

%40 &

CEEN R A S A SR R B R R
XA T 5 5 1Y 2R B 0 5 W0 28 H W o o 7 x, y 7 Tn)
() 4> A5 Y5 Bl 43 9 441.80 ~ 443.00 km,
3333. 80 ~3 334. 80 km. T ELVE R MY, © TS
BUR R 55 0 TRIE AR 2 A R v Pa AR, RV AR e
BB AR PG AR A v, X FIZL A X A i K
R X N, D A 2R 2 15 2 R TR B,

4 4 g

ASCAETT ) BKF- SR B oy EDT Al
EEDT Jiik5IA z Ji [ o, 3o it 5 17 4%
I S48, 3211 T IEDT 45 6 Fiids S 5.
XS 7 AR SCEh B S I AR A s v ik 52
T UL Ir B RO AT AT M | RE A5 45 R R H
PUN HR R Bl 55 o 0 1 R, vl P T E b T
i B BT A AR AR IR SR T By
BRSO 45 2R B S T S s 50U A R v AR
PR DL RIS 0 )7 k.

Bi§f 2t Bell Geospace Inc 42469 52 FTG 4 4%.

S 3k

[1] Cordell L,Grauch V J S. Mapping basement magnetization
zones from aeromagnetic data in the San Juan Basin, New
Mexico [ C]// 1982 SEG Technical Program Expanded
Abstracts. Tulsa: Society of Exploration Geophysicists, 1982 :
246 -247.

[2] Roest W R, Verhoef I, Pilkington M. Magnetic interpretation
using the 3-D analytic signal [ J]. Geophysics,1992,57(1) :
116 -125.

[3] Miller H G, Singh V. Potential field tilt—a new concept for

[4]

[5]

(9]

[10]

(1]

[12]

[13]

location of potential field sources [ J]. Journal of Applied
Geophysics 1994 ,32(2/3) ;213 -217.

Marson I, Klingele E E. Advantages of using the vertical
gradient of gravity for 3-D interpretation [ J]. Geophysics,
1993,58(11) ;1588 —1595.

Guo L,Meng X, Shi L. 3D correlation imaging of the vertical
gradient of gravity data [ J].
Engineering ,2011,8(1) .6 —12.
Zhdanov M S, Ellis R, Mukherjee S. Three-dimensional
regularized focusing inversion of gravity gradient tensor
component data [ J]. Geophysics,2004 ,69(4) :925 —937.

Yuan Y, Geng M. Directional total horizontal derivatives of

Journal of Geophysics and

gravity gradient tensor and their application to delineat the
edges [ C]// 76th EAGE Conference and Exhibition.
Amsterdam ,2014 .1 -3.

T, Ak T B R ) ZR A A T S b B RE[ D]
KA E MO, 2015.

( Yuan Yuan. Comprehensive analysis, processing and
interpretation of the full tensor gravity gradient data [ D].
Changchun ; Jilin University,2015. )

Ennen C,Hall S. Structural mapping of the Vinton salt dome,
Louisiana, using gravity gradiometry data[ C]// 2011 SEG
Annual  Meeting. Tulsa:
Geophysicists, 2011 :830 - 835.
Oliveira V C Jr,Barbosa V C F. 3-D radial gravity gradient
inversion [ J]. Geophysical Journal International ,2013,195
(2) :883 -902.

Geng M, Huang D, Yang Q, et al. 3D inversion of airborne

Society of  Exploration

gravity-gradiometry data using cokriging [ J]. Geophysics,
2014,79(4) .37 -47.

Hou Z ,Huang D, Wei X. Fast
tomography with gravity gradiometry data based on hybrid

inversion of probability

parallel programming [ J]. Journal of Applied Geophysics,
2016,124 .27 - 38.

Hou Z,Huang D. Multi-GPU parallel algorithm design and
analysis for improved inversion of probability tomography
with gravity gradiometry data [ J].
Geophysics 2017 ,144 .18 - 27.

Journal of Applied



